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INTRODUCTION

This report presents geologic, chemical, physical, and 

mineralogical data for ten coal samples from the Michigan Coal 

Basin. The data are from the U. S. Geological Survey's National 

Coal Resources Data System (NCRDS) which contains information 

on the stratigraphic occurrence and physical and chemical 

characteristics of coal samples from all major U. S. coal basins.

Sample locations are indicated in figure 1. Seven (all the 

samples with a "W" prefix) of the ten samples are grab samples 

and may not be representative of the deposit from which they were 

collected. Two specimens from the Uncle Henry No. 2 mine had 

distinctly different appearances and were analyzed as separate 

samples. They are identified in this report as W248058 and W248059, 

Samples W248054, W248056, W248057, W248058 and W248059 were 

collected in the 1920's; sample W248055 was collected in 1963 and 

sample W248053 in 1987.

Information on sample locations and some sample descriptions are 

in table 1. Table 2 contains the ultimate and proximate analyses, 

heat content, forms of sulfur, free-swelling index, and ash-fusion 

temperatures. Data on major- and minor- oxide concentrations are 

in table 3, and data on trace-element contents are in table 4. 

Semiquantitative, bulk X-ray mineralogical data are in table 5.

Information on analytical techniques cited in figure 2 can be 

found in Golightly and Simon (1989). In addition to this standard 

analytical scheme, X-ray mineralogy was determined on the 

low-temperature ash of seven of the samples. Furthermore, polished
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Raw coal as received (about 
7 kg broken to 0.3 cm)

About 600 g of coal split 
out for standard coal analysis 

crushed to -20 mesh

Remaining coal air dried 
(following procedures conducted at 

USGS as described in Golightly 
and Simon, 1989)

Ultimate and proximate analyses
(following ASTM

designations, D-__, shown at 
each procedure)

Ultimate 
analysis 
(D-3176)

Sample crushed to -60 mesh and then
ground in vertical Braun pulverizer
using ceramic plates set to pass

100 mesh

Proximate analysis
(D-3172) 

Percent moisture,

volatile matter, 
fixed carbon, and 

ash

Ground coal (25 to 75 g) ashed at 
525 C and percent ash calculated

Equilibrium 
Moisture 
(D-1412)

Apparent specific gravity 
(D-167, modified)

Wet chemical 
analysis 
(atomic 

absorption)

Cd 
Cu 
Li 
Mg 
Mn 
Na 
Pb 
Zn

Fusibility of ash 
(D-1875)

Wet chemical analysis

Hg (flameless atomic
absorption) 

F (specific ion 
electrode)

X-ray 
fluor­ 
escence

Cl 
P

Optical emission spectrographic 
analysis with automated plate

reader. The following 32 
elements are reported when found

Ag
Au
B
Ba
Be
Bi
Dy
Er
Ga
Gd
Ge

Ho 
In 
Ir 
Mo 
Nb 
Nd 
Ni 
Os 
Pd 
Pr 
Pt

Re
Rh
Ru
Sn
Sr
Tl
Tm
V
Y
Zr

X-ray fluor- 
cence analysis

CaO 

Fe2°3

Neutron 
activation

As
Br
Ce
Co
Cr
Cs
Eu
Hf
La
Lu
Rb
Sb
Sc
Se
Sm
Ta
Tb
Th
U
W
Yb

Figure 2. Flow diagram of procedures used by USGS for the analysis of coal samples. 
(ASTM-American Society for Testing and Materials)



blocks of coal were examined in a scanning electron microscope (SEM) 

with an energy dispersive X-ray detector (EXD).

RESULTS

The low moisture contents (table 2) of the seven grab samples 

may reflect a long storage period prior to analysis. The moisture 

contents of the other three samples (D172593, D172594, and D172595) 

are closer to the inherent moisture content. Oxidation of the 

seven "W" grab samples is indicated by the high sulfate/pyrite 

ratios ranging from 0.3 to 30 vs 0.04 to 0.1 for the "D" samples, 

which are presumed to be less oxidized. The low FSI's (0-1.0) 

of the "W" samples are a good indication of oxidation 

(Gray and Lowenhaupt, 1989).

All of the grab samples have high bromine contents (95 ppm or 

higher) compared to an arithmetic average of 17 ppm for U. S. coal 

(NCRDS, unpublished data). The reason for these high Br values in 

the Michigan coal samples is not known. There is no correlation 

between Br and chlorine: four samples have Cl values of 1300 ppm 

or greater, three others have less than 100 ppm.

Chemical analyses of only ten coal samples are insufficient to 

draw any firm conclusions regarding regional coal quality. Moreover, 

most of the samples in this study may not be representative of the 

coal bed from which they came. However, certain elements appear to 

be present at levels in excess of the national average (NCRDS, 

unpublished data). These include silver (national average of 

<0.1 ppm), cobalt (6.1), germanium (5.7), nickel (14), lead (11), 

and antimony (1.2). All of these elements have chalcophile



tendencies and may reflect the high sulfur content of these coals 

(0.7 to 3.81 weight percent on a dry basis).

The analytical data for the two splits from the Uncle Henry 

No. 2 mine (samples W248058 and W248059) are quite different. 

Sample W248059 has considerably higher sulfur (sulfate and pyritic) 

contents, whereas sample W248058 has higher contents of some 

chalcophile elements (Fe, Ag, As, Se, Tl), and lower contents of 

many other elements (Si, Al, K, Ti, B, Ba, Cs, Cu, F, Hf, Hg, La, 

Li, Mn, Nb, P, Ta, Th, and V). These differences are also reflected 

in the mineralogy (table 5).

Bulk X-ray mineralogy of the low-temperature ash indicates 

the presence of quartz, illite, kaolinite, and pyrite in most 

samples (table 5). Small amounts of feldspar, carbonates, chlorite, 

marcasite, apatite, anatse, rutile and analcime were detected in 

several samples. Kaolinite was the only phase that could be 

identified from the X-ray pattern for sample W248055.

The SEM-EDX analyses of polished blocks were consistent with 

the samples' bulk X-ray mineralogy and chemistry. For example, 

manganese-bearing "siderite" (mineral names in quotes denote 

identifications based solely on major element chemistry) and 

"barite" were observed in sample W248054, which has high Mn and 

Ba contents. "Chalcopyrite" and "apatite" were observed in sample 

W248058, which has high copper and fluorine. Among the phases 

observed were "chalcocite" (sample W248053), "florencite" 

(W248055), and "galena" (W248057).



The coal rank is high-volitile B and C bituminous. As-received 

Btu/lb ranges from 10,500 to 12,300, moisture is reported to be 

8 to 13 wt percent, ash yield 3 to 9 wt percent, and sulfur 

1 to 3 wt percent (Cohee and others, 1950). Kalliokoski (1976) 

presents analyses for about 40 Michigan coal samples.

Michigan Coal Basin Geology

Most of the information in this section was obtained from 

Cohee and others (1950) and from Kalliokoski (1976). For detailed 

discussions of the geology of the Michigan coal basin the reader 

is referred to these papers and those of Dorr and Eschram (1970), 

and Wanless and Shideler (1975).

Coal was discovered in Michigan in 1835. Initial coal production 

was from small mines until shaft mining began in Bay and Saginaw 

Counties in 1897. Production peaked in 1907 with slightly more 

than 2 million short tons. Production then dropped steadily until 

the early 1950s. Since that time, the only commercial mining in 

Michigan occurred in 1974-1975 when one small surface mine produced 

20,000 tons near Williamstown, in Ingham Co. (U. S. Bureau of 

Mines, 1976).

The coal-bearing rocks in Michigan cover approximately 11,500 

square miles in the central part of the state (figure 2), with the 

Lower Pennsylvanian Saginaw Formation containing all of the coal 

beds. Based on examination of available drill logs, Kalliokoski 

(1976) concluded that coal occurrences in Michigan are primarily 

restricted to the following counties: Midland, Bay, Saginaw,



Tuscola, Shiawassee, and Genesse, although coal does occur in several 

other counties.

Cohee and others (1950), report as many as 14 coal beds in Bay 

and adjoining counties. However, the discontinuous nature of these 

coal beds makes it difficult to estimates the number of coal beds in 

the state. Cohee and others (1950, p. 2), describe the coals in 

Michigan as occurring "... sporadically in isolated beds that vary 

greatly in thickness, and generally pinch out within relatively 

short distances." Cross (1987), cited these characteristics as the 

primary factors limiting economic development of Michigan Basin 

coals. He notes that the coal beds are generally discontinuous, 

less than one meter thick, with small areal extent and variable 

partings.

Cohee and others (1950) estimate that the basin contains 220 

million tons of total resources. Kalliokoski (1976) calculated 

total resources to be about 211 million tons.
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